Selected naturally regenerated flatwoods forests were clearcut and chopped in preparing a large, long-term study of the effects of several multiple-use management practices on forest vegetation and wildlife. Early effects of clearcutting and chopping on understory vegetation are reported here. Clearcutting and chopping reduced woody understory coverage from 66 to 18% of surface area. Common gallberry and saw-palmetto were reduced by 75 and 8!9& respectively. Herbaceous species frequency was htcreased: Panicurns by over 3,000%; bluestems by 173%; grasslies by over 2,000%; and forbs by 308%. Graphical analyses show an increase in herbaceous species diversity as a result of mechanical site disturbance. Comparing these graphs with those reported on the effects of prescribed burning suggests that the collective vegetative response to mechanical site disturbance is qualitatively similar to the response to fire. Quantitatively the response to mechanical disturbance is more pronounced.
Study Area and Methods
The 73ha experimental area is on the University of Florida's Austin Cary Memorial Forest near Gainesville, Alachua County, Florida. When this study began the experimental area was occupied by a naturally regenerated 50-year old flatwoods forest averaging 20.7 m2 of basal area per ha and 70.8% crown cover. The overwhelming majority of overstory trees were either slash or longleaf pine. There were a few water oaks and occasionally some other hardwood species, especially in wetter spaces. A brief history of the experimental area and a description of the soils on the site are given by Moore et al. (1982) . The entire experimental area was prescribed burned during the winter of 1975-76 with no perceptible effect on the overstory. 
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In September and October of 1976, 22 l-ha plots randomly dispersed over the experimental area were selected for subsequent harvest, site preparation, and planting, and the understory vegetation on these plots was surveyed. Survey methods were identical to those described by Moore et al. (1982) . Coverage of all woody vegetation less than 1.5 m high was determined on three 30-m line transects in each plot. Where woody vegetation did not exist, measurements of surface litter coverage were recorded. Herbaceous speciesfrequencies (Brown 1954) were recorded for each 30-cm segment along the same transects, i.e., a species was recorded as present when plant parts intercepted a vertical projection of the transect segment, and absent otherwise. Herbaceous standing biomass was determined by clipping, sorting by species, drying, and weighing all herbaceous biomass on two l-m2 subplots adjacent to each of the 66 transects.
All plots were then clearcut during the fall and winter of 1976-77. All merchantable pine wood was removed. In August and September of 1977, all plots were double chopped with a Marden drum chopper pulled by a skidder. In the winter of 1977-78, some of the plots were hand planted with 1,100 slash pine seedlings per ha. These seedlings are assumed to have had no detectable effect on the vegetative responses reported here.
In September and October of 1978, vegetation was resurveyed exactly as in 1976 except that biomass plots were moved to avoid any residual biases due to previous clipping. The resulting observations were treated as 22 replications of a single treatment (1978 data) versus a control (1976 data) , and subjected to paired f tests (Ostle 1963) to determine which species responded significantly to clearcutting and chopping. All changes mentioned in the text were significant at the 1% level (KO.01).
Results

Changes in Woody Plant Coverage
Of course clearcutting and chopping removed or destroyed all overstory trees in the study plots receiving this treatment. Clearcutting and chopping also reduced woody understory coverage dramatically (Table 1) . On the average, tree species were reduced by 65%, shrubs by 75$& and vines by 29%. Litter coverage was reduced by 72% Coverage of saw-palmetto was reduced from 28% to 3% of the surface area; that of common gallberry from 12 to 3%. of the woody species in the understory, only the blackberries were increased by clearcutting and chopping.
Changes in Herbaceous Species Frequencies
Clearcutting and chopping greatly increased the frequencies of herbaceous vegetation (Table 2) . On the average, frequencies of grasses (see Table 2 ) increased by 420%. The most notable increase was by the genus Panicurn, which occurred on 1.9% of the transect segments before cutting, and on 63.1% of them 1 year after chopping. Pineland threeawn was reduced while chalky bluestem increased.
Significant trends were noted for several less 0.5** '*implies change is significant at 5% level. z**implies change is significant at 1% level.
abundant-but important-grasses. Barestem paspalum, a species of major importance to bobwhite (Murray and Frye 1957) increased from less than 0.05% frequency to 3.3% (Table 2) . Toothachegrass and lopside indiangrass, both desirable cattle forages,
were never abundant and were nearly eliminated. Grasslikes (see Table 2 ) increased by 2,250s and as a result constitute an important part (nearly 20%) of the herbaceous flora. Greatest gains occurred with the flatsedges, spikesedge, beakrushes, and razorsedges. The importance of these species to cattle and wildlife is generally unknown.
Ferns occurred on about one-third of the transect segments and were not affected by site preparation. About 95% of the ferns were bracken, a species poisonous to cattle when ingested in large quantities.
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After chopping, forbs made up about 25% of the herbaceous flora (Table 2 ) after increasing more than 300%. Legumes (important to wildlife and cattle) increased from 2.1% frequency to 4.5%. Eupotorium also increased, but grassleaf goldaster remained about the same and aster diminished.
Cbanges in Herbage Biomass
Trends in herbage biomass were similar to those observed for herbage frequency (Table 2) . Total standing biomass was 245 kg/ ha before site treatment and 1,867 kg/ ha I year afterwards, a 662% increase. Grasses increased from 40 to 1,017 kg/ha. They accounted for 16% of the total herbage biomass before treatment and 54% afterwards. The bulk of this increase was due to the response of the genera Panicum and Andropogon.
Pineland threeawn decreased. Forbs were the next most important herbaceous group and increased from 27 to 371 kg/ha (20% of the total herbage biomass) as a result of site treatment. Legumes (mainly partridgepea) increased from 3 to 79 kg/ha. Ferns (over 80% bracken) increased from I73 to 305 kg/ ha. Ferns comprised 70% of the total herbage biomass before treatment; 16% afterwards. Grasslikes (see Table 2 ) increased from 5 to 174 kg/ ha, nearly 10% of the post treatment biomass. Flatsedges, spikesedge, beakrushes, and razorsedges were more represented.
Discussion Managerial Considerations
In the flatwoods, pine site preparation and range chopping similar to that applied here generally produce a forage response ranging from 2,000 to 6,000 kg/ha (Moore 1974 , White 1975 , White 1977 . Grasses typically make up about two-thirds or more of the production. Bluestems, many of them highly regarded as cattle forage, typically respond dramatically and frequently make up the bulk of the grass biomass in early years. White (1977) found bluestem still accounted for nearly half of the grass biomass 5 years after treatment. In the study reported here, total herbage biomass was less than 2,000 kg/ ha I year after double chopping and grasses accounted for only a little over half of that. Bluestems (see -Table 2) made up only about one-third, while panicums-a less desirable forage group-accounted for over 50% of grass biomass. Site history and delay in chopping may explain the smaller response of desirable forage species observed here. The site had not been burned or otherwise disturbed for many years. It was dominated by a thick, woody understory with sparse herbaceous vegetation. The preliminary burn was incgmplete, did not consume the heavy surface litter, and few herbs invaded the site. As a result, seed sources at the time of chopping were undoubtedly scarce. Moreover, due to contractual difficulties, chopping actually was done in late summer--the time when seedsand fruits are maturing. Many desirable plants and their seeds were thus destroyed. Also, late summer is a period of high soil moisture so summer chopping does not typically result in good shrub control.
When cattle forage and wildlife habitat improvement is a management objective, better shrub control should be obtained if mechanical site preparation is done during the drier part of the dormant season (Lewis 1972 , Moore 1974 . And herbaceous seeds will have matured and will be incorporated into the soil for better spring germination.
Ecological Considerations
It is important to consider the total floral response to various forest and range management practices. Forest management (especially in the slash pine ecosystem) has been subjected to the criticism that it too often tends to produce a pine monoculture which excludes other plant species on lands planted to pines. Mechanical site preparation is sometimes identified as a pine cultural practice that SO discriminates against competing species that it jeopardizes the species diversity deemed healthy for the ecosystem. It is instructive to examine the responses to clearcutting and chopping detailed in previous sections with these considerations in mind. 
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Coverage of woody species in the understory before and after site treatment is depicted in Figure I . Coverage before treatment is plotted (on a logarithmic scale) along the abscissa, coverage after treatment in a similar way along the ordinate. The straight line at 45" depicts exactly no change. Species that diminish after treatment plot below the line; those that increase plot above it. Only those species that changed significantly (X0.01) are labeled. The label is an acronym consisting of the first two letters of the Latin genus and species names. Thus, saw-palmetto (Serenoa repens) is labeled SERE, common gallberry (Rex glubra) is ILGL, blackberry (Rubus spp.) is RUSP, etc. Examining the entire graph for the collective response of the community, the obvious effect of clearcutting and chopping is a dramatic (recall the scales are logarithmic) reduction in woody understory coverage. It is interesting from an ecological viewpoint that the reduction is relatively no more severe in relatively rare species than in relatively common ones, and that the total number of species was not reduced by the disturbance. Indeed, 44 woody species were found on the transects both before and after treatment (c$ Table 1 ).
Frequency responses of the herbaceous understory are plotted in an analogous way in Figure 2 . From this graph the response of the herbaceous understory is seen to be quite different from that of the woody understory. The overwhelming tendency is that herbaceous plants increase in frequency, especially if they are rare or absent prior to site disturbance. Substantial numbers of herbaceous species appear only after treatment. Thus, 22 species of grasses were recorded before treatment, 27 afterwards. Only 20 species of forbs occurred on the transects before cutting, while 64 species were recorded after chopping. In all, 47 species of herbs were recorded on transects before pastures were cut and chopped; 102 species were recorded after treatment. Only pineland threeawn, toothachegrass, lopside indiangrass, and aster were significantly (KO.01) reduced. Finally, herbaceous biomass is plotted in an analogous way in Figure 3 . Recall that the destructive sampling employed required that biomass harvesting be performed on distinct subplots during resurvey. The resulting greater variation in the two observations is expressed in greater scatter in Figure 3 than in Figure 2 , and in fewer changes judged statistically significant. Still, the overwhelming tendency for herbaceous species, especially for those previously rare, is to increase after site disturbance.
It is especially interesting to compare the responses to clearcutting and chopping reported here to the responses reported earlier (Moore et al. 1982) to prescribed fire, The responses depicted in figures 1, 2, and 3 in this paper are identical to those in the corresponding figures in the earlier paper-except for the treatments imposed. The surveys were conducted simultaneously and used identical survey and analytical methods. Comparing the results figure-by-figure shows that the collective vegetative response to clearcutting and chopping is qualitatively strikingly similar to the response to prescribed fire. Quantitatively the response to mechanical site preparation is much more pronounced.
Conclusions
Evidence in this study of the effects of clearcutting and chopping, and in a previously reported study of the effects of prescribed fire, indicates that mechanical site disturbance in flatwoods forests of north Florida diminishes overabundant woody understory cover more than fire. The diminution is relatively uniform over the spectrum from rare to common species. There is no evidence in our data that clearcutting and chopping actually reduces the total number of woody species in the understory. Burning and mechanical disturbance tends to increase both the frequency and weights of herbaceous species, including those that were previously rare or not present. The response to mechanical disturbance is more pronounced that than to fire. Apparently total number of understory species and understory species diversity are increased by either disturbance, but more so by mechanical disturbance than by fire.
